ABSTRACT Canonical discriminant analysis accurately separated males of Lutzomyia yencanensis (n ϭ 36) (Ortiz), Lutzomyia cayennensis cayennensis (n ϭ 24) (Floch and Abonnenc) and Lutzomyia micropyga (n ϭ 28) (Mangabeira). Only seven (length of head, interocular distance, wing vein ␦, genital Þlaments, coxite, paramere, and lateral lobe) of 20 possible morphometric measurements were required for differentiation, with a highly signiÞcant canonical correlation. The discriminant equations provided a simple, fast, and widely available statistical tool to identify accurately unknown sand ßy specimens as L. yencanensis, L. c. cayennensis, or L. micropyga.
THE IDENTIFICATION AND CLASSIFICATION of phlebotomine sand ßy species currently depends upon comparison of external and internal morphological characters. However, this approach frequently has led to the misidentiÞcation of individuals within sibling species, or among species with very closely related gross morphology and/or a wide range of meristic and teratological variability.
This taxonomic problem is especially difÞcult among members of the phlebotomine subgenus Micropygomyia Barretto of the genus Lutzomyia Franç a. For example, in the recent review of the Micropygomyia species of Venezuela, Feliciangeli (1995) described Lutzomyia absonodonta as a new species, which previously had been misidentiÞed as Lutzomyia micropyga (Mangabeira) by Llanos et al. (1976) in Peru. The author stated that " the generally large size and pale coloration of both male and female L. absonodonta permitted their separation from closelyallied Venezuelan species in the complex." In addition, typological identiÞcation keys also were included, in which thorax coloration constituted the main character for identifying male ßies. However, males of Lutzomyia cayennensis cayennensis (Floch and Abonnenc), Lutzomyia lewisi Feliciangeli, Ordoñ ez and Fernandez, L. micropyga, Lutzomyia yencanensis (Ortiz) , and L. absonodonta, belonging to the cayennensis complex of this subgenus (Young and Duncan 1994), occasionally could be misidentiÞed using thoracic color as the primary character.
In a revision of neotropical Lutzomyia species, Young and Duncan (1994) provided a key for separating males in the subgenus Micropygomyia using morphometric criteria, such as length of ßagellomere I, labrum, clypeus, and genital Þlaments, as well as the length of forefemur in relation to the foretibia. However, L. cayennensis subspecies could not be distinguished by these criteria. Furthermore, this typological key used a series of subjective and ambiguous criteria such as "subequal to" or "longer than."
The role of different phlebotomine species in the epidemiology of leishmaniases may vary, even within a cryptic species complex where the absence of characters that discriminate both sexes could severely restrict Þeld studies. Among the methods available for correctly identifying closely related sand ßy groups, multivariate analysis of morphometric variation has proved to be a useful taxonomic tool for the recognition of specimens belonging to morphological confusing taxa (Lane and Ready 1985 , Añ ez et al. 1997 , Depaquit et al. 1998 ). These methods have been used for recognizing cryptic speciation in L. runoides (Fairchild and Hertig), which previously was regarded as conspeciÞc with L. inflata (Floch and Abonnenc) (Dujardin et al. 1999) .
As part of an epidemiological study of leishmaniases in Falcon state in the Northwestern region of Venezuela, we collected specimens of L. yencanensis, whose males initially were suspected to belong to a new taxon or were misidentiÞed as L. c. cayennensis or L. micropyga, using the thoracic coloration as the main taxonomic criterion. A thoracic sclerite lightly or strongly infuscated could be interpreted in an ambiguous way, leading to misidentiÞcation. Furthermore, coloration patterns also might exhibit intranspeciÞc clinal variation. To overcome these identiÞcation problems, we describe herein the use of multivariate morphometric discriminate functions for assessing males of L. yencanensis, L. c. cayennensis, and L. micropyga using a small subset of morphological characters.
Materials and Methods
A total of 88 males were analyzed to morphometrically, including 36 L. yencanensis, 24 L. c. cayennensis, and 28 L. micropyga. Males were collected by aspiration from tree holes in several localities from Venezuela. A list of sand ßy specimens including their number, collecting localities and Venezuelan map reference is presented in Table 1 . All specimens were cleared at room temperature in NesbittЈs solution for 12Ð24 h, and later mounted on microscope slides in BerleseЈs medium. A detailed description of specimen preparation has been provided by Añ ez et al. (1988) .
Twenty morphological characters (Table 2) were measured using a light microscope Þtted with an ocular micrometer. Morphological terminology followed Young and Duncan (1994) . Multivariate statistic techniques, contrasting with univariate ones, allowed the comparison of many characters simultaneously. The common classes of techniques include ordination (e.g., principal component analysis, factor analysis, discriminant analysis) and clustering methods. We applied canonical discriminant analysis (CDA) for determining the optimal subset of morphometric variables that most accurately discriminated among the three taxa, using a stepwise forward procedure (Morrison 1967, Sneath and Sokal 1973) . Brießy, in the search for interrelationships among characters in several populations, two variation matrices can be produced, i.e., the within group variance-covariance matrix W, which indicates the variation within groups; and the among groups variance-covariance matrix A, reßecting variation among groups. After calculating these matrices, a value of a (eigenvector) is sought to maximize the function (a) ϭ BaÕ/aÕWa, so that the equation [W
Ϫ1
A-I] ϭ 0 is solved. In this way, linear compounds of raw variates, called canonical variates or discriminant functions, can be obtained such that a 1 Y 1 ϩ a 2 Y 2 ϩ a n Y n ϭ P 1 , where a 1 . . . . a n are eigenvectors, Y 1 . . . . . Y n are sample means for each character, and P 1 is the position of an individual on the relevant axis. Each canonical variate is orthogonal. The number of variates ϭ number of groups -1. The canonical correlation coefÞcient measured the association among the discriminant functions and the sand ßy groups. The discriminating ability of these characters was veriÞed using a blind test, consisting of a mixture of the three species that was not used for generating the canonical discriminant functions and included 10 L. yencanensis, 10 L. c. cayennensis and 11 L. micropyga. CDA of the data were made using the STATISTICA (Stat Soft Inc. 1993) package.
Results
Discriminant analysis produced three well deÞned groupings that corresponded well to the three Micropygomyia species (Fig. 1) . The discriminating ability of the variables was maximized using the seven most informative morphological characters, including length of head (HL), interocular distance (ID), wing vein ␦ (␦), genital Þlaments (GF), coxite (Cx), paramere (Par), and lateral lobe (Llob). These characters provided highly signiÞcant canonical correlations (P Ͻ 0.0001) for the Þrst (0.98) and second (0.97) functions and resulted in the 100% correct identiÞcation of the specimens. Therefore, an unknown sand ßy could be identiÞed accurately as L. yencanensis, L. c. cayennensis, or L. micropyga by multiplying the measured variables (in micrometers) with respective classiÞcation coefÞcients. In this sense, the classiÞca-tion function for L. yencanensis was: y ϭ -488.9 ϩ 0. In the blinded validation test, 100% of specimens from three different species populations were identiÞed correctly (Fig. 2) .
Discussion
Five species in the cayennensis complex of the subgenus Micropygomyia have been reported from Falcon state in northwestern Venezuela, including L. yencanensis, L. c. cayennensis, and L. micropyga (Feliciangeli 1988; Feliciangeli 1995; D.C., unpublished data) . Clear distinction among these species has been difÞ-cult using morphological criteria. For example, Ortiz (1965) described L. yencanensis as a new species, after misidentifying it as L. c. cayennensis (Scorza and Ortiz 1960 ; both were considered to be conspeciÞc by Forattini (1973) . In a preliminary study, we differentiated between males of these species using multivariate morphometrics (Cazorla et al. 1992 ); however, this study was based on only eight individuals of L. yencanensis. In contrast, Feliciangeli (1995) identiÞed L. absonodonta that previously had been misidentiÞed as L. micropyga (Llanos et al. 1976 ) by detecting differential coloring, morphometric, and meristic characteristics on both sexes.
The distinct non overlapping separation among groupings corroborated our preliminary Þndings (Cazorla et al. 1992 ) that L. yencanensis and L. c. cayennensis are two well deÞned morphological species and are not synonymous as previously reported by Forattini (1973) . In addition, our results refuted the assumption of Young and Duncan (1994) that L. yencanensis could be regarded as a subspecies of L. c. cayennensis, as judged by the widely phenetic gap separating them.
As Feliciangeli (1995) pointed out, the triÞd tips of the genital Þlaments of L. lewisi and pale coloration as well as general large size of L. absonodonta, allow them to be distinguished from related species. When compared on a morphometric basis, males of L. lewisi and L. absonodonta, as given by Feliciangeli (1995) have head lengths strikingly shorter (mean, 185.6 and 187.5, respectively) than three species in the current study.
The availability of powerful computers and statistical packages now makes an automated statistical classiÞcation procedure feasible, by measuring only a subset of suitable morphological characters obtained from a simple preparation of sand ßy material. This is particularly advantageous during epidemiological studies, because these techniques can be applied in the Þeld without need for expensive biochemical-molecular techniques, such as gas chromatography for cuticular hydrocarbons (Phillips et al. 1990 ), electrophoresis for isoenzyme proÞles (Kreutzer et al. 1990 ), or thermocyclers for polymerase chain reaction (Adamson et al. 1993) .
